Me,rer, W. eNo CrlRr, L. J. 1980. Metabolism of aliphatic nitro compounds in bovine rumen fluid. Can. J. Anim. Sci. 60: 319-325. Metabolic studies with rurnen fluid were conducted to determine rates of disappearance for 3-nitropropanol (3NPOH) and 3-nitropropionic acid (NPA), forage conJtituents which can be toxic to ruminants and non-ruminants. The in vitro rate of disappearance for NPA was substantially greater (P < 0.01) than for 3NPOH. The nitro compounds were metabolized most effectively when the inoculum originated from cattle fed orchardgrass soilage as compared with orchardgrass hay, alfalfa soilage or aifalfa hay. The in vivo ruminal clearance rate was substantially greater (P < O.bS) for 3NPHO than for 2-nitropropanol, a nitro compound which was not metabolized in vitro and this would be predicted if metabolism in the rumen contributed to the rate of 3NPOH disappearance. On a effectu6 des 6tudes m6taboliques sur le liquide du rumen pour d6terminer les taux d'dlimination du nitropropanol-3 (3NPOH) et de I'acide nitropropionique-3 (NPA), constituants du fourrage-qui peuvent s'av6rer toxiques pour les ruminants et les non-ruminants. In vitro, le taux d'6limination du NPA d6passe sensiblement (P ( 0.01) celui du 3NPOH. Les compos6s nitr6s sont mieux m6tabolis6s lorsque I'inoculum provient de dactyle pelotonn6 servi en vert aux bovins que s' il provient de foin de daciyle, de luzerne servie en vert ou de foin de luzerne. In vivo, le taux d'6limination du 3NPOH par le rumen est beaucoup plus 6lev6 (P < 0.05) que celui du 2NPOH (compos6 nitr6 non m6tabolis6 in vitro), ce qui serait pr6visible si le m6tabolisme dans le rumen contribuait ir 1'6limination du 3NPOH' Recent evidence indicates that 3-nitrodetoxification mechanism was inferred (Guspropionic acid (NPA), the toxic tine et al. 1977).For the vole feeding trials, iomponentofcrownvetch (Coronillavaria), however, a freeze-died portion of the can be metabolized by ruminal microorincubation mixture was used and the possible ganisms (Gustine et al. 1971). Bound forms loss of a volatile metabolic product(s) cannot of Npe., diand tri-NPA glucose esters that be overlooked. Nevertheless, the evidence predominare in crownvetih (Moyer et al. supported the concept that rym!1al igzl; tntujut and Bose 1976) were hydmetabolism feduced the level of NPA rolized in vitro and the NPA derived from the entering the circulatory system. It is generally esters was metabolized at comparable rates recognized that the clinical syndromes (Gustine et al. lg'77). The products of NPA associated with nitro-bearing plants can be metabolism in the rumen, ho*euer, remain produced by intravenous injection of the nitro unidentified. toxin (Williams and James 1975; Matsumoto Daily weight gains were not affected when et al. 1961; Gustine 1979). Therefore, if the weanling uol"r-*"." fed a metabolized toxin is metabolized to a non-toxic product in p."purutlon of NPA (obtained by incubating the rumen, the amount of toxin absorbed into ilpn with rumen fluid); hence, a ruminal the bloodstream should be diminished' In contrast to NPA, ruminal metabolism can. J. Anim. Sci. 60:319-325 (June l9E0) has not been demonstrated for 319 Can. J. Anim. Sci. Downloaded from www.nrcresearchpress.com by 52.11.211.149 on 11/14/19
survey, inocula were obtained from six cows on various diets; initial 3NPOH incubation levels were varied from 0.05 to 1.75 mg/ml, and numerous in vitro techniques were compared to determine optimal experimental conditions for observing ruminal metabolism of 3NPOH. The in vitro method which consistently gave the best results is described below and 0.10 mg/ml 3NPOH (equivalent to 0.11 mg/ml NPA) was chosen as the starting concentration for subsequent short-term (8-h) incubations. The experimental design for determining and comparing in vitro rates of disappearance is described in the Statistical Analysis section. For these experiments, 3NPOH and NPA were dispensed lrom aqueous solutions 10.0 mg/ml and | 1.3 mg/ml, respectively.
In Vitro Techniques
Rumen fluid ( 100 mL) was obtained by expressing rumen ingesta through one layer of cheesecloth and collecting the fluid in a preheated thermos flask. This was combined immediately under anaerobic conditions with 100 mL synthetic saliva (Tilley and Terry 1963) which was equilibrated in a water bath at 39oC and thoroughly purged with COr. At this time, the incubation flask (a capped 250-mL polyethylene bottle maintained in a water bath at 39'C) was spiked with 20.0 mg 3NPOH or 22. 6 mg NPA and the mixture was purged with CO, for 15 sec before collecting the initial sample. Periodic checks during the incubations indicated that the pH was maintained between 6.5 and 7.0. To assay for the nitro compound in the incubation mixture, a20-mL aliquot was transferred rapidly to a centrifuge tube, the tube was cooled immediately in a NaCl-ice bath, the sample was centrifuged ar 27 OO0 g for 5 min at 0'C and the supematant was decanted and stored in a freezer.
For 3NPOH determination, I mL of supematant was applied to a MN polyamide CC6 (Macherey, Nagel and Co.) column (1.5 x l0 cm) equilibrated in water and the column was eluted with 45 mL of water. The eluant, collected in a 50-mL volumetric flask, was combined with 0.65 mL N NaOH and I mL diazotized paranitroaniline. The volume was adjusted to 50 mL after waiting 5 min and the derivatized 3NPOH was determined spectrophotometrically at405 nm (Majak and Bose 1974) .The diazotized reagent, prepared by combining 6.5 mL 2.57o NaNO2 (in water) with 100 mL O.3Vo paranitroaniline (in N HCI) was stable for 3 mo if 3-nitropropanol (3NPOH), the toxic component in timber milkvetch (Astragalus miser var. serotinus) and related,4 strap,alus species (Williams and James 1975; Williams et al. 1969 ). Usually 3NPOH accumulates as the glucoside miserotoxin (3-nitro-l-propyl-B-D-glucopyranoside) (Stermitz and yost 1978; Majak et al. 1977) . When miserotoxin was incubated in vitro with ovine or bovine rumen fluid, a rapid hydrolysis of miserotoxin was observed but Williams et al. (1910) concluded that the hydrolysis product, 3NPOH, was not further metabolized. This conclusion, however, was based on qualitative chromatograms using a non-specific detection reagent and the 3NPOH was obscured by interfering components in rumen fluid. In vitro incubations with 3NPOH were conducted initially over 24-h intervals to observe the degree of metabolism, if any, for various starting concentrations of 3NpOH. For this stored in the dark at 4". When blank incubation mixtures were purified and derivatized, the absorbance at 405 nm was found to be negligible.
When miserotoxin was incubated in vitro, the rumen fluid was analyzed as follows. The glycoside was separated from the aglycone by continuous extraction of the supernatant with diethylether for l6 h. The aqueous phase containing miserotoxin was purified on polyamide and analyzed as described above. The ether extract containing 3NPOH was concentrated as described below. Because 3NPOH was released very rapidly in vitro. arrempts ro estimate the hydrolysis rate for the glucoside were unsuccessful when the starting miserotoxin concentration was 0.06 mg/mL. Accordingly, the initial level was raised to 0.40 mg/ml and this was completely hydrolyzed in 2 h.
For NPA determination, 5 mL of supernatant was adjusted to pH 2 with 3N HCl and this was extracted continuously with diethylether for l6 h.
The ether extract was concentrated to dryness, and redissolved in water: the NPA concentration was measured spectrophotometrically as described above. For each NPA exoeriment.
however. a blank incubation mixture was purified by ether extraction and derivatized to compensate for the variable background absorbance.
The in vitro disappearance of nitro compounds was checked by TLC. Ether extracts were concentrated and aliquots were applied to the origins. NPA was resolved on avicel in propanol-water (7:3) and 3NPOH was resolved on cellulose in benzene-methanol (80:20). The nitro compounds were detected semiquantitatively using the diazotized paranitroaniline spray system (Majak and Bose t974).
In Vivo Techniques
For in vivo studies I to 2 g 3NPOH or 2NPOH was administered intraruminally in2 L tap water at 39'C. The doses were equivalent to 3-5 mg nitro alcohol/kg body weight, or approximately one tenth the lethal dose (Williams et al. 1969 ).
To facilitate thorough mixing of the nitro compound in the rumen, experimental animals were fasted for 24h before intraruminal dosing.
Water was withheld for the duration of the experiment. In addition, the 2 L dose was dispensed in the rumen by manual mixing for 5 min. At each sampling interval, four grab samples of rumen ingesta were collected, expressed through cheesecloth, and cooled; 100 32r mL of the fluid were centrifuged as described above. Without question, the highly significant compound X time interaction term from the analysis of variance experiment (Table l) confirmed that NPA and 3NPOH were indeed metabolized at different rates. The mean concentrations for each compound as a function of time are plotted in Fig. 1 . Thus, when equimolar doses were incubated, the NPA rate of disappearance (0.102 -f 0.010 prmoles/ml/h) was twice as fast as the rate of 3NPOH (0.049 -f 0.009 p.moles/mllh). Orthogonal contrasts were used to see if the response curves were represented fairly by two straight lines (Fig. l) . The deviation from linearity was not found to be significant. If these were effective modes of detoxification. the greater toxicity to ruminants of 3NPOH as compared to NPA could be related to the differential rates of ruminal metabolism alluded to by Gustine (19'19) . In sheep, for example, the lethal doses for NPA or 3NPOH (administered Table L intraruminally by esophageal tube) were determined to be 3i07 mg and 114 mg/kg body weight, respectively (Williams and James 1915). lVhy the alcohol is metabolized at a slower rate than the acid remains to be elucidated from studies on microbial metabolic pathways.
In contrast to 3NPOH metabolism, the hydrolysis of the pa:rent glycoside proceeded at a much more r:apid rate. The rate of hydrolysis for miserotoxin was estimated to be at least 0.75 g.moles/ml/h in rumen fluid. Similarly, Gustine et al. (19'71) reported a rapid rarte of hydrolysis for the NPA glucose ester{i but a much slower rate for the disappearance of the hydrolysis product, NPA. The rapid hydrolysis rate for miserotoxin would be related to the rumanal level of B-glucosidase, an enzyme which is widely distributed in the plant and microbial kingdoms. Whether the ingested plant enzyme is a contributing factor in the ruminal hydrolysis reaction, however, remains to be seen.
The analysis of variance established that the rate of metabolism was affected significantly by the animals' diets (Table l) .
The nitro compounds were metabolized most effectively when the inoculum originated from cattle on a diet of fresh orchardgrass.
This soilage, harvested in late summer' was obtained from the aftermath on a hay field. Inocula from cattle on alfalfa hay, on the other hand, yielded the lowest rates of metabolism. The mean ruminal fluid levels (7o of initial dose metabolized) in relation to rations were as follows (means sharing the same letter were not significantly different, P : 0.05); alfalfa hay, 3l7a (a); alfalfa soilage, 36Vo (ab); orchardgrass hay,42Vo (b); orchardgrass soilage, 5l%o (c) and the standard error of the mean was + 4 .l7o . The above figures reflect the average degree of metabolism for both nitro compounds after an incubation time of 5 h. Although the compound x ration term was not statistically significant (Table l) , an interaction is suggested by the data. For example, the effect of orchardgrass soilage or hay was approximately the same for NPA 68 and 647o, respectively), but 3NPOH was metabolized to a greater extent in the inoculum from the fresh grass ration (34Vo metabolized) as compared with the grass hay ration(197o). Future research will determine whether preventative measures can be developed from the detoxification potential of various diets.
In Vivo Studies
The primary and secondary aliphatic nitro compounds 3NPOH and 2NPOH differ in the number of acidic hydrogens on the carbon atom adjacent to the nitro group; 3NPOH has two, while 2NPOH has one acidic hydrogen. 3NPOH occurs in nature as Irt Can. J. Anim. Sci. Downloaded from www.nrcresearchpress.com by 52.11.211.149 on 11/14/19 For personal use only. the glucoside or the aglycone but few reports exist on the natural occurrence of secondarv aliphatic nitro compounds and non" on 2NPOH. In vitro incubation showed that 2NPOH was virtually not metabolized by rumen microbiota. Therefore, 2NpOH could serve as an inert marker or tracer and the turnover of this compound in the rumen would reflect the rate at which a compound is absorbed in the absence of ruminal during the first 2 h the clearance rate for 3NPOH was almost twice as great and the compound was detected only in trace amounts after 5 h (Fig. 2 ).
For each compound, the relationship between concentration and time could be represented by a quadratic function. Apptying orthogonal contrasts, deviations from the quadratic were not found to be sisnificant.
The analysis showed that th; linear coefficients for the two compounds were different (P < 0.01) but rhe quadraric coefficients were not detectably different.
The disappearance pattern for 3NpOH ( Fig. 2 ) was similar to that reported for NpA in sheep (Gustine etal.1911\. However. the with a wether (Gustine et al. 1977) .lJnder acttal grazing conditions, however, the ruminal levels of nitro toxins would depend on a number of factors including rate of forage intake, rate and degree of mastication, rumination and fragmentation by rumen microbiota. In addition, the succulence and digestibility of the forage would affect the rate of release in the rumen. A gradual release in the rumen would favor more microbial metabolism and less direct absorbtion of 3NPOH. Similarly, intracellular microbial invasion and digestion of plant tissue, (as compared to metabolism of a dissolved chemical) would permit a greater degree of exposure to microbial metabolizing systems. For personal use only.
Finally, the significance of the in vivo ration factor (Table 1) indicated that the nitroalcohols disappeared at a slower rate on the silage ration(66oh ofinitial dose cleared at 3 h) as compared with alfalfa hay ration (76Vo) 
